Backgrounds/Aims: Recent studies have shown that pancreaticoduodenectomy (PD) can be performed quite safely. Critical pathway (CP) has been one of the key tools used to achieve excellent outcomes in high-quality, high-volume centers. This study was designed to evaluate the impact of CP implementation for PD patients. Methods: The important components of CP for PD patients include the early start of an oral diet and removal of the abdomen drain following follow-up computed tomography, with the intention of shortening the postoperative hospital stay. The study group (CP group) comprised of 88 patients who underwent pylorus-preserving or classical PD from January 2009 to December 2010. The control group (pre-CP group) was 185 patients who underwent PD between January 2005 and December 2008. Results: The two groups did not show significant differences in demographic profiles and the primary diagnosis. The incidences of overall postoperative complications such as delayed gastric emptying, fistula, and hemorrhage were similar or decreased in the CP group (54% vs. 40.9%). The incidence of clinically significant complications also showed a similar rate (5.4% vs. 4.5%) between the two groups. The nutritional status at discharge and re-admission rates were not different. The CP group showed a significantly shorter postoperative hospital stay (20.2±9.2 days vs. 14.9±5.1 days, p＜0.001) and the total medical costs were also significantly reduced, by 15% (p＜0.001). Conclusions: The results of this study indicated that the implementation of CP for PD patients can decrease the length of hospital stay and reduce medial costs, with maintenance or improvement of patient outcomes. Further investigation is necessary to validate the actual impact of CP for PD through multi-center high-volume studies. 
INTRODUCTION
Classical pancreaticoduodenectomy (PD) and pyloruspreserving PD (PPPD) are complex procedures for periampullary disease. Because of the complexity as well as the leak-prone nature of pancreatic anastomoses, this procedure was associated with significantly high incidences of morbidity and mortality. Recent improvements in pancreatic surgery have led to a decrease in the mortality rates, with the rates moving toward less than 5% in high-volume centers, [1] [2] [3] and operative morbidity approaching 30% to 40%, [4] [5] [6] including the operative morbidities of intra-abdominal abscess, sepsis, pancreatic fistula, and delayed gastric emptying. Recent studies have shown that PPPD can be performed quite safely, especially in high volume centers. 5, 7 Critical pathways (CP) are structured multidisciplinary care plans that detail the essential steps in the care of patients with a specific clinical problem and describe the expected patient progress. 8 CP describes the tasks to be carried out in time sequences and the discipline involved in completing the tasks. CP may involve surgeons, nurses, other health care professionals, patients, and families.
The implementation of CP was performed in many categories of diseases, resulting in improved efficacy, and reduction in the length of the hospital stay as well as costs. [9] [10] [11] [12] [13] [14] These CPs have been one of the key tools used to achieve excellent outcomes in high-quality, high-volume centers. Initially, CP was used in relatively simple procedures, but recently, CP has begun to be employed 
METHODS

Patient selection
The study population was patients undergoing PD or Peri-and post-operative parameters were analyzed retrospectively through a medical record review. This retrospective study protocol was approved by the institutional review board of our institution.
Component of the critical pathway
This CP protocol for PD and PPPD (Table 1) 
Surgical procedure and definition of complications
The procedures on all patients were performed by a single surgeon. When doing the PPPD, the pancreaticojejunostomy was performed in end-to-side fashion using the duct-to-mucosa technique. Pancreaticogastrostomy was not performed at all. Braun anastomosis (side-to-side jejunojejunostomy) was routinely performed. 
Nutritional state evaluation
Mini Nutrition Assessment (MNA) has been commonly used for grading the nutritional status and the risk of malnutrition in hospitalized patients. 18, 19 Key components of the MNA are the body weight, serum protein, and lymphocyte count. 20 To perform the nutritional status assessment more effectively, we developed a simplified MNA (sMNA). Our sMNA comprised of 3 components including the weight as a percentage of the ideal body weight, serum albumin concentration, and a total lymphocyte count. We calculated a score for each item according to the definition, and then determined the nutritional status by summation ( Table 2 ). The nutritional status was determined to be adequate if the summed score ranged from 0-3, level 1 if the score ranged from 4-6, and level 2 if the score ranged from 7-9.
Statistical analysis
Categorical variables were analyzed using the chi-square test, and when applicable, Fisher's exact test. Continuous variables were analyzed using Student's t-test. Numeric variables were expressed as the mean±standard deviation or as a percentage. A p-value of less than 0.05 was considered to be statistically significant. All statistical analyses were performed using the SPSS package (version18.0; 
RESULTS
Comparison of patient demographics and operative parameters
The demographic features were similar between the two groups ( Table 3 ). The mean age and distribution of gender were not significantly different. 
Comparison of postoperative complications
There was no case of in-hospital mortality in the two groups. The peri-operative complication rate was similar or decreased with the implementation of CP. 
Comparison of postoperative nutritional status
The nutritional status according to the sMNA score was similar between the two groups. The re-admission rate within 30 days after discharge was similar as well, showing 2.7% in the pre-CP group vs. 4.5% in the CP group (Table 3) .
Comparison of postoperative hospital stay and medical costs
In comparison with the pre-CP group, the CP group showed a significantly shorter period of mean postoperative hospital stay (20.2±9.2 days in the pre-CP group vs. 14.9±5.1 days in the CP group, p＜0.001) and lower total medical costs (US$ 15,755±4,595 in the pre-CP group vs. US$ 13,578±3,136 in the CP group, p＜0.001) (Table 3) .
DISCUSSION
CPs are care plans that detail the essential steps in the care of patients with a specific clinical problem. Although there is no doubt that significant indirect costs to both the patients and society exist in the patient population undergoing PD or PPPD, a comparative assessment of the medical costs was confined to the direct hospital costs in this study because of the limitations of the study's retrospective design. It is important to note that many parts of the medical costs occurring during the perioperative period were incorporated and rather fixed (i.e., anesthesia management, specific operative treatment, and pathologic examination), and thus, these portions were not influenced by CP implementation. It is possible to hypothesize that the reduced costs observed in CP patients were not primarily due to the CP implementation, but were simply a consequence of the substantial difference between the room cost and boarding costs, including the special medical staff care fee. The results of this study revealed that the total cost difference before and after CP implementation was greater than the difference that originated from room and board costs. Such a remarkable reduction of the total medical costs seems to be associated with integrated efforts toward maximizing cost-effectiveness in every part of perioperative medical care, without sacrificing patient safety.
The fact that a patient is "on the pathway" may result in more of a push from health care providers for the patient to recover, unrelated to any specific component of the pathway, the so-called Hawthorne effect. 21 We also think that this Hawthorne effect might, at least in part, be responsible for some of the differences observed in this study. However, considering the relatively long length of the study period of 2 years, we do not think that a temporary phenomenon such as the Hawthorne effect was one of the main components of the enhanced cost-effectiveness. centers. In addition, the number of the study groups was rather small, thus increasing type II error. Finally, this study lacked a patient satisfaction survey.
In conclusion, despite the complexity of PD and PPPD procedures, the implementation of CP significantly reduced medical costs and enhanced resource utilization without any detrimental effects on the quality of patient care, and it even showed improved outcomes. These results support the idea that CP can be safely applied to complex surgical situations if reasonably developed CP protocols are established. Further investigation through multi-center high-volume studies is necessary to validate the actual impact of CP for PD and PPPD.
